Summary Lp(a), one of the most atherogenic lipoproteins, is believed to contribute significantly to vascular diseases in non-insulin-dependent diabetic (NIDDM) patients. Contradictive data have been published on these patients concerning plasma concentrations of Lp(a) and their relation to renal function. Since apo(a) fragments appear in urine, we measured urinary apo(a) in 134 NIDDM patients and 100 matched controls and related urinary apo(a) concentrations to plasma Lp(a) levels and kidney function. Plasma Lp(a) values were found to be significantly higher in NIDDM patients. NIDDM patients also secreted significantly more apo(a) into their urine as compared to control subjects. There was no correlation between creatinine clearance or albumin excretion and urinary apo(a) concentrations. Patients with macroalbuminuria exhibited a twofold higher apparent fractional excretion of apo(a) in comparison to patients with normal renal function. Urinary apo(a) values in both patients and control subjects were highly correlated to plasma Lp(a), yet no correlation was found with HbA 1 c or serum lipoproteins. It is concluded that urinary apo(a) excretion is correlated to plasma Lp(a) levels but not to creatinine clearance in patients suffering from NIDDM. [Diabetologia (1997) 
40: 1455±1460]
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intact Lp(a) that appears in urine, but rather fragments of the apo(a) antigen. Independent of the apo(a) isoform, more than 10 distinct apo (a) bands have been consistently found in urine in our own investigations with molecular masses between 50±160 kDa and with a rather characteristic electrophoretic banding pattern. These apo (a) fragments were glycosylated and not complexed to apoB. We also reported a highly significant correlation between urinary apo(a) concentrations normalized to creatinine levels, and plasma Lp(a) levels (R = 0.68, p < 0.001) in 193 healthy volunteers [22] .
In this study we investigated the excretion of urinary apo(a) fragments in 134 NIDDM patients with different grades of diabetic nephropathy and compared them to 100 non-diabetic healthy control subjects.
Materials and methods
Patients and control subjects. We recruited 134 subjects with NIDDM from the Outpatient Diabetes Unit of the University Hospital Vienna. The inclusion criteria were: 1) known diabetes duration of at least 12 months; 2) age at onset of diabetes 35 years or over; 3) no use of insulin in the first year after diagnosis; 4) no history of ketoacidosis and 5) current treatment with either diet, oral hypoglycaemic agents or insulin. Urinary tract infections were excluded by urine microscopy and culture. A total of 61 patients received insulin substitution and 51 received oral hypoglycemic agents. The remaining patients were treated only by dietary restrictions. In order to assess the influence of diabetic nephropathy on plasma Lp(a) and urinary apo(a) levels, the patients were assigned to three groups according to albumin excretion rate (AER), as determined by 24-h urine sampling (group I: AER < 20 mg/min; group II: AER > 20 < 200 mg/min; group III: AER > 200 mg/min). The control group consisted of 100 non-diabetic, healthy subjects, matched for age, sex and socioeconomic status during a university health survey programme. All investigations were performed with the consent of each patient and according to the Declaration of Helsinki.
Demographic data of NIDDM patients and control subjects are provided in Table 1 .
Blood and urine samples. Following an overnight fasting period, blood samples were taken from the antecubital vein, allowed to clot for 30 min at room temperature, centrifuged and the serum was frozen at ±20°C. In previous experiments we ascertained that freezing once did not affect the assays performed. Urine, collected in the morning, was also frozen at ±20°C and assayed in one run together with the serum samples. For investigating the apo(a) fragments, urine was concentrated by pressure dialysis by a factor of approximately 100 and immediately processed further.
Immunoquantitation of Lp(a) and apo(a). Analyses were carried out by a sandwich Dissociation Enhanced Lantanoid Fluorescence Immuno Assay (DELFIA) essentially as recommended by the manufacturer, LKB-Pharmacia (Vienna, Austria) and described in detail previously [22] . For the determination of total apo(a), europium (Eu) labelled polyclonal (POAB) anti-apo(a) antibody from rabbit was used ( = a-a DELFIA). Apo(a):apoB complexes were measured using Eulabelled anti-apoB antibody from rabbit as detection antibody (a-B DELFIA) as described previously [22] . For measuring total apoB, an apoB:apoB DELFIA was designed accordingly [22] . Plasma samples were diluted 3000-fold and urine samples were diluted between 10±50-fold. The standardization of the DELFIA assay was performed by using highly purified primary standards consisting of recombinant apo(a), Lp(a) or LDL or freshly frozen secondary standards as described [22] . The accuracy of the DELFIA assays was ascertained by spiking fresh plasma or urine samples with purified Lp(a) or recombinant apo(a) and measuring the yield of the added analyte [22] . Yields were in the range of 96±106 %. The assay was linear between 1 and 100 ng of apo(a) per well; the within-run coefficient of variation was less than 3 %.
Apo(a) concentration in urine was normalized to creatinine where it is stated in the text.
Polyacrylamide gel electrophoresis (PAGE) and Western blotting was carried out as described previously [22] .
Total cholesterol, HDL cholesterol, triglycerides and albumin were determined with commercially available kits from Boehringer Mannheim (Mannheim, Germany). LDL cholesterol was calculated using the Friedewald equation. In patients with plasma triglyceride levels above 5 mmol/l, direct measurement of LDL-cholesterol after precipitation of HDL and VLDL, was performed with commercially available kits from Boehringer Mannheim.
Creatinine was measured by the Jaffee Method using commercial assay kits from Boehringer Mannheim.
All chemicals were reagent grade from E.Merck (Darmstadt, Germany) if not stated otherwise.
Statistical analysis. The analysis of our data was performed by the Statistical Package for Social Sciences (SPSS/MAc + ). For serum lipids, mean values ± SEM were calculated and analysed by a one-way variance test (ANOVA). A Student's ttest was applied to assess significant differences of continuous variables among groups. Comparison of serum Lp(a) and urine apo(a) values among groups were performed by the Wilcoxon test or by ANOVA after logarithmic transformation of values. Correlations of serum apo(a) and urine apo(a) values were performed by the Spearmann Rank Correlation Test. Diabetes duration (year) 10.8 ± 8.6 ± Alcohol consumption < 20 g/day < 20 g/day N. S.
Data are mean ± SD
Results
Demographic data of patients and control subjects are shown in Table 1 . There was no significant difference in age, smoking habits and alcohol consumption between patients and control subjects. Of the patients 28 % suffered from coronary artery disease and 8.5 % from peripheral vascular disease. No such diseases were evident in the control group. Although it was not the aim of this study to reveal differences in plasma lipoproteins between NIDDM patients and control subjects, some of the lipid and lipoprotein values are displayed in Table 2 . Total cholesterol, triglycerides and LDL-cholesterol were higher in patients, and HDL-cholesterol was higher in control subjects. All differences were statistically significant.
As described previously, apo(a) immunereactivity is found in the urine of healthy individuals in the form of apo(a) fragments. Even in individuals with virtually no detectable plasma Lp(a), urinary apo(a) fragments can be detected [22] . This immunereactivity consists of apo(a) fragments, i. e. mainly apo(a) kringle-IV type 1 and type-2 domains, ranging in molecular weight from 50 to 160 kDa. In patients with NIDDM, immunoblotting determined that apo(a) fragments were present with features identical to those described for the normal population (Fig. 1) .
In order to reveal possible quantitative differences between diabetic patients and control subjects, we measured Lp(a) in plasma and apo(a) in morning urine normalized to 100 mg/dl of creatinine in 134 NIDDM patients and compared them with that of a control group (Table 3) . The 25th and 50th percentile values of plasma Lp(a) concentrations were comparable in patients (5.3 and 12.7 mg/dl) and control subjects (6.0 and 12.0 mg/dl, respectively). The 75th percentile was much higher in patients compared to control subjects ( 34.9 vs 21.3 mg/dl). Overall plasma Lp(a) levels were significantly higher in patients than in control subjects as calculated by the Wilcoxon signed rank test (Table 3 ). When we compared plasma Lp(a) levels in patients with and without albuminuria, we did not observe a significant difference. Patients with macroalbuminuria did not have elevated plasma Lp(a) levels when compared to control subjects.
Urinary apo(a) excretion was then measured. On comparison, NIDDM patients exhibited strikingly higher urinary apo(a) concentrations than control subjects. The median values and the 75th percentiles of urinary apo(a) were approximately twice as high in patients than in control subjects (37.8 and 67.7 mg/ dl vs 18.0 and 37.7 mg/dl respectively). More importantly, however, was the finding that the 25th percentile apo(a) concentrations of patients were 6 times higher than those of control subjects (22.9 vs 3.8 mg/ dl respectively). The difference in urinary apo(a) excretion between patients and control subjects was statistically highly significant (Table 3) . To answer the question as to how the hyperlipidaemic state among some of the NIDDM subjects might affect the plasma Lp(a) levels and the urinary apo(a) excretion, we performed a sub-group analysis by creating lipid matched sub-groups and comparing normolipidaemic healthy subjects with normolipidaemic NID-DM subjects. Both sub-groups had total cholesterol values less than 5.5 mmol/l and triglycerides less than 2.5 mmol/l. Plasma Lp(a) levels were significantly higher in patients as compared to control subjects. (patients: n = 62, median: 12.8 mg/dl, 25th percentile: 4.9 mg/dl, 75th percentile: 31.7 mg/dl; control subjects: n = 86, median: 11.8 mg/dl, 25th percentile: 6.1 mg/dl, 75th percentile: 21.2 mg/dl, p < 0.001). Values are mean ± SD. All values given in mmol/l. p value by ANOVA (except for triglycerides, which were tested by Wilcoxon signed rank test) Fig. 1 . Western blot of 1: plasma, 2: urine from an NIDDM patient and 3: urine from a control individual. Samples were electrophoresed in 3±25 % SDS-PAGE followed by transblotting to nitro cellulose. The blot was developed with polyclonal anti-apo(a) from rabbit as described in Methods. The numbers on the left mark the position of molecular weight markers in kDa Urinary apo(a) excretion also revealed higher values in NIDDM patients when compared to control subjects (patients: median: 42.3 mg/dl, 25th percentile: 25.3 mg/dl, 75th percentile: 63.1 mg/dl; control subjects: median: 17.8 mg/dl, 25th percentile: 4.0 mg/ dl, 75th percentile: 37.3 mg/dl, p < 0.0001). From these data we concluded that the observed differences in plasma Lp(a) and urinary apo(a) levels were not biased by differences in the plasma lipid content.
In order to determine whether diabetic nephropathy was responsible for the higher plasma Lp(a) and urinary apo(a) levels in NIDDM patients, we correlated these parameters with kidney function. For this, creatinine clearance in the NIDDM patient group was correlated with urinary apo(a) concentrations. These two parameters were not significantly correlated. This was also true for the urinary albumin excretion and urinary apo(a) levels. The urinary excretion of albumin in mg/min was not significantly related to the measured urinary apo(a) concentrations (R = 0.122).
Because of the great variation of urinary apo(a) levels, even in the normal population [22] , it was more important to see whether the apparent fractional excretion of apo(a) might be related to kidney function. In order to do this, we calculated the apparent fractional excretion rate (FE) of urinary apo(a) according to the equation: {urinary apo(a) × plasma creatinine/plasma apo(a) × urinary creatinine} and divided the collective of patients into three groups: Patients with a urinary albumin excretion of < 20 mg/min (n = 52); patients with microalbuminuria: urinary albumin excretion of 20±200 mg/min (n = 33) and patients with macroalbuminuria: urinary albumin excretion > 200 mg/dl (n = 45). Patients with a urinary albumin excretion of < 20 mg/min had an FE of 0.02 %, while patients with microalbuminuria had an FE of 0.016 % and patients with macroalbuminuria had an FE of 0.035 %. The FE of apo(a) was significantly higher in patients with macroalbuminuria (p < 0.02) as compared to the other two groups.
We previously published that urinary apo(a) values are strongly correlated with plasma Lp(a) in the normal population [22] . Here we were interested to see whether this might also be true for NIDDM patients. We found a highly significant correlation not only in control subjects but also in the NIDDM patient group as measured by the Spearman rank correlation test (p < 0.001). In contrast, we did not find a significant correlation of HbA 1 c , cholesterol, triglycerides and urinary protein excretion with either plasma Lp(a) or with urinary apo(a).
Discussion
Numerous papers have been published concerning the impact of diabetes mellitus on plasma Lp(a) concentrations [15±20, 31, 32] . The major questions asked in these studies were: i) are plasma Lp(a) levels altered in IDDM and NIDDM patients in comparison to control subjects? ii) Does metabolic control have an influence on fluctuations of plasma Lp(a) levels? iii) Are the reported increased plasma Lp(a) levels in diabetic patients related to impaired kidney function? iv) Are increased plasma levels in diabetic patients a cause for the high atherogenicity in this patient group. On reviewing these studies, conflicting results are evident; taking them together it seems that there is no difference from diabetes per se and that only diabetics with decreased kidney function show increased plasma Lp(a) levels. Undoubtedly, further research in this area is needed to prove these assumptions.
Recently, we and others reported that apo(a) fragments with molecular masses between 50 and 215 kDa are secreted into urine [22±25]. Apo(a) fragments were found to be free of apo B and urinary apo(a) levels were significantly correlated to urinary creatinine levels in a given individual [22±25]. Although the exact mechanism of apo(a) excretion by the kidney remains to be determined, it is concluded from earlier studies that apo(a) excretion is constant over months [22] and that these fragments may be actively secreted by the tubulus [23, 24, 32] .
It was the major goal of this study to investigate urinary apo(a) fragments in NIDDM individuals and to correlate the concentration of apo(a) with that of plasma Lp(a). Since numerous studies indicate that the kidney plays a key role in Lp(a) catabolism [26± 30] we also asked whether kidney function has some impact on urinary apo(a) excretion in NIDDM patients.
In our study, plasma Lp(a) levels were significantly higher in the 134 NIDDM patients as compared to matched control subjects, and this was independent from plasma cholesterol and triglyceride values. It was of interest to note however, that median and 25th percentile values of patients and control subjects were comparable and only in the 75th percentile Lp(a) was approximately 50 % higher in patients than in control subjects. Even when we excluded patients with macrovascular disease, we found significantly higher values in our NIDDM patients. In comparison to other studies [33] we did not find a difference in plasma Lp(a) levels between patients with and without albuminuria. Taken as a whole group a significant elevation was calculated in NIDDM patients by the Wilcoxon signed rank test. As we reported previously that urinary apo(a) excretion is highly correlated with plasma Lp(a) levels in normal subjects, we anticipated that urinary apo(a) concentrations might also be increased in diabetic patients. This was in fact the case, however a much more striking increase in apo(a) was found in urine of diabetic patients than in control subjects which covered all percentiles. Particularly in the 25th percentile, urinary apo(a) in NIDDM patients was six times higher than in control subjects. In this respect, it is noteworthy that we and others [22, 25, 34] found that urinary apo(a) levels are not linearly correlated with plasma Lp(a) in individuals with low plasma Lp(a) levels but rather that individuals with low plasma Lp(a) excrete a proportionally higher amount of apo(a) fragments into urine. Although the metabolic mechanisms leading to the excretion of apo(a) by the kidney remain to be determined, from our study it appears that the ªbasalº apo(a) excretion in NIDDM is much higher than in control subjects. Next we asked whether kidney function has any impact on urinary apo(a) excretion. Neither creatinine clearance nor urinary albumin excretion was significantly correlated with urinary apo(a) levels in the whole patient group. This was not surprising, as there is a great variation of urinary apo(a) levels even in the normal population which highly depends on their plasma Lp(a) levels [22] . In fact this relationship was also true for NIDDM patients with similar results compared to control subjects. It will be of interest to study the relationship of urinary apo(a) to creatinine clearance and urinary albumin excretion longitudinally in single individuals. Such studies are currently being conducted at our department.
A more direct way to answer the question as to whether impaired kidney function influences apo(a) excretion is the measurement of the apparent fractional excretion of apo(a) into urine. As we reported previously [22] urinary apo(a) fragments account for only approximately 1 % of the daily Lp(a) catabolism which is only a minute fraction of the circulating apo(a) pool. Fractional urinary excretion among individuals is highly variable, and therefore the difference in FE between NIDDM patients with normal kidney function and with microalbuminuria (0.02 % and 0.016 % respectively) may not be considered as significant. In the group of patients with macroalbuminuria however, FE was 0.035 %, which was higher than any value observed in individuals with normal kidney function. Thus once diabetic nephropathy occurs, apo(a) secreted into urine increases independently of the plasma Lp(a) level. The fact that urinary protein loss in diabetic patients is a valuable indicator of glomerular function and that we did not find a correlation between urinary apo(a) excretion and protein excretion points towards the possibility that apo(a) is selectively excreted via the tubulus. The reason why we found a considerable increase in the FE of apo(a) in patients with macroalbuminuria who excreted more than 200 mg of protein per minute could reflect a tubular damage in these patients.
It was not the aim of this study to answer the question as to what extent NIDDM may influence plasma Lp(a), but in our collective we found no correlation between HbA 1 c and plasma Lp(a) or urinary apo(a) which was probably due to large population fluctuations of these parameters. In order to study such correlations single individuals would have to be studied over prolonged periods.
In the present study we also did not study apo(a) isoform distribution in patients and control subjects, since two large previous studies reported that NID-DM patients have larger apo(a) size because of considerable glycation of apo(a), yet the genotype distribution appeared to be identical in patients and control subjects [17, 35] .
In conclusion, we show here that NIDDM patients have, in addition to higher plasma levels of Lp(a) as compared to control subjects, significantly higher urinary apo(a) values, and this is independent of plasma lipids. Further studies will indicate whether or not the measurement of urinary apo(a) in NIDDM may be of clinical relevance in this patient group.
